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Introduction
The scope of NR mobility enhancement WI was modified in WID [1] to include the below:
1. To specify the following solutions agreed during the study phase. [RAN2/RAN1/RAN3/RAN4]:
0. To reduce interruption time during HO:
0. Dual active protocol stack based HO interruption time reduction solution; 
0. To improve HO/SCG change reliability and robustness:
1. Conditional handover for NR PCell change;
1. Conditional handover based NR PSCell addition/change for any architecture option with NR PSCell;
1. T312 based fast failure recovery (similar to LTE)
This topic was discussed in the last RAN2 meeting with the following agreements [2]:
Agreements

1.	CPAC is defined as the UE having network configuration for initiating access to a candidate PSCell, either to consider the PSCell as suitable for SN addition or SN change including intra-SN change, based on configured condition(s).  
2.	Usage of CPAC is decided by the network. The UE evaluates when the condition is valid.
3.	Support configuration of one or more candidate cells for CPAC;
o	FFS how many candidate cells (UE and network impacts should be clarified). FFS whether the number of candidate cells for CPAC different from that of CHO.
5.	 Allow having multiple triggering conditions (using “and”) for CPAC execution of a single candidate cell. Only single RS type per CPAC candidate is supported. At most two triggering quantities (e.g. RSRP and RSRQ, RSRP and SINR, etc.) can be configured simultaneously.  FFS on UE capability
6.	Define an execution condition for conditional PSCell change by the measurement identity which identifies a measurement configuration There is already an agreement for conditional PSCell addition
7.	Cell level quality is used as baseline for Conditional NR PSCell addition/change execution condition;
g.	Only single RS type (SSB or CSI-RS) per candidate PSCell is supported for PSCell change. 
h.	At most two triggering quantities (e.g. RSRP and RSRQ, RSRP and SINR, etc.) can be configured simultaneously. FFS on UE capability.
i.	TTT is supported for CPAC execution condition (as per legacy configuration)
8.	No additional optimizations with multi-beam operation are introduced to improve RACH performance for conditional PSCell addition/change completion with multi-beam operation.
9.	For FR1 and FR2, leave it up to UE implementation to select the candidate PSCell if more than one candidate cell meets the triggering condition. UE may consider beam information in this.
10.	UE is not required to continue evaluating the triggering condition of other candidate PSCell(s) during conditional SN execution. 

For PSCell addition:
4.	The baseline operation for CPAC procedure assumes the RRC Reconfiguration message contains SCG addition/change triggering condition(s) and the RRC configuration(s) for candidate target PSCells. The UE accesses the prepared PSCell when the relevant condition is met.
a.	Multiple candidate PSCells can be sent in either one or multiple RRC messages. 
b.	As part of the CPAC configuration to be sent to the UE, the RRC container is used to carry candidate PSCell configuration, and the MN is not allowed to alter any content of the configuration from the PSCell. moreover, in case of SN change, source SN is not allowed to alter any content of the configuration from the target SN. 
c.	Use add/mod list + release list to configure multiple candidate PSCells. 
d.	CPAC execution condition and/or candidate PSCell configuration can be updated by modifying the existing CPAC configuration.
e.	Reuse the RRCReconfiguration/RRCConnectionReconfiguration procedure to signal CPAC configuration to UE.
FFS handling of conditional SN addition associated to the SN terminated bearer.

Agreements for CPAC configuration related proposals

2	For conditional PSCell addition, the MN transmits the final RRCReconfiguration/ RRCConnectionReconfiguration message to the UE, which includes the execution condition generated by the MN, and encapsulates the RRCReconfiguration provided by the candidate PSCells. FFS how the encapsulation is done exactly (can be considered in Stage-3)
3	SN decides on the condition for SN-initiated procedures and MN decides on the condition on MN-initiated procedures. 

FFS whether we need coordination on exact execution conditions or just measurements.
FFS whether source or target SN knows the condition
FFS in which exact cases the condition needs to be indicated

5	Both the execution condition and the configuration for the candidate PSCell (as a container) can be included in the RRCReconfiguration message generated by the SN for intra-SN conditional PSCell change initiated by the SN (without MN involvement).

6	SRB1 can be used in all cases. SRB3 may be used to transmit conditional PScell change configuration to the UE for intra-SN change without MN involvement.

In this paper, the requirements for conditional PSCell addition and change are discussed. 
Discussion
 Specification impact
Based on RAN2 agreement, the conditional NR PSCell addition/change is supported for any architecture option with NR PSCell. This includes both EN-DC and NR-DC with PCell/MN being in LTE or NR, respectively. As such, the requirements impact two specifications: NR PSCell addition/change requirements within EN-DC should be captured in TS 36.133 and NR PSCell addition/change requirements within NR-DC should be captured in TS 38.133. It is also noted that conditional PSCell addition/change in NE-DC is excluded in Release 16.
Proposal 1. RAN4 to capture NR PSCell addition/change requirements within EN-DC in TS 36.133 and NR PSCell addition/change requirements within NR-DC in TS 38.133. 
 Conditional PSCell addition requirements
The conditional HO was discussed in the last few RAN4 meetings which resulted in the core requirement specifications in LTE via [3] and technically endorsed CR in NR [4]. Per agreements common to both LTE and NR, the conditional HO delay is comprised of the following stages:
· RRC processing time
· Measurement time
· UE preparation time
· Interruption time

In our view, RAN4 should re-use the existing framework for conditional HO as much as possible for conditional PSCell addition. As such, conditional PSCell addition delay requirements should also be composed of the following phases:
· Conditional PSCell addition RRC processing: This corresponds to first part of RRC processing time in which UE does message validation, configuring and queuing of measurements and other tasks which are not dependent on the identity of target PSCell. The value of this part is FFS but is not larger than TRRC_processing time in PSCell addition requirements in TS 36.133 and TS 38.133. This stage begins when UE receives RRC command for conditional PSCell addition.
· Measurement: This corresponds to inter-RAT measurements when PCell is E-UTRA and inter-frequency measurements when PCell is NR. Given RAN2 agreements for events like A4/B1 to trigger conditional PSCell addition, the candidate PSCells are already detected and identified. Hence, Tsearch = 0. This stage begins when UE finishes the RRC processing time. Similar to conditional HO agreements, the measurement period can be based on event-triggered measurement requirements. When PCell is E-UTRA, the measurement period is bounded by Tidentify_NR_with_index as defined in clause 8.17.4 of TS 36.133. When PCell lis NR, the measurement period is bounded by Tidentify_inter_with_index as defined in clause 9.3.4 of TS 38.133. 
· UE preparation time: This corresponds to the time period when UE realizes the identity of the PSCell to be added and begins preparation for PSCell addition procedure. Its value is FFS but is not larger than TRRC_processing time in PSCell addition requirements in TS 36.133 and TS 38.133.
· Interruption time: This corresponds to the phase in which UE begins the execution of PSCell addition. The procedure in this phase is identical to the interruption time of existing known PSCell addition in TS 36.133 or TS 38.133.

Concretely, the conditional PSCell addition delay is formulated as:
Tconfig_PSCell_Conditional = TRRC_processing + Tmeasure  + TUE_preparation + Tprocessing  + T∆ + TPSCell_ DU + 2 ms
Where 
TRRC_processing : is the RRC processing to process the conditional PSCell addition command which is not larger than currently defined TRRC_processing in TS 36.133 and TS 38.133 and begins when UE receives the RRC command for conditional PSCell addition.
Tmeasure : is the from the end of RRC processing time to when until UE realizes the condition(s) for at least one of the PSCell candidates is/are met. When PCell is E-UTRA, the measurement period is bounded by Tidentify_NR_with_index as defined in clause 8.17.4 of TS 36.133. When PCell lis NR, the measurement period is bounded by Tidentify_inter_with_index as defined in clause 9.3.4 of TS 38.133.
TUE_preparation : is the UE preparation time for conditional PSCell addition and starts after UE realizes the condition is met and identity of PSCell is determined. Its value is FFS but not larger than currently defined TRRC_processing in TS 36.133 and TS 38.133.
T∆ : is the time for fine time tracking and acquiring full timing information of the target PSCell as in existing requirements. 
Tprocessing : is the SW processing time needed by UE as in existing requirements
TPSCell_ DU : is the delay uncertainty in acquiring first available PRACH occasion in the NR PSCell as in existing requirements. 
Proposal 2. Conditional PSCell addition delay is formulated as:
Tconfig_PSCell_Conditional = TRRC_processing + Tmeasure  + TUE_preparation + Tprocessing  + T∆ + TPSCell_ DU + 2 ms
Where 
TRRC_processing : is the RRC processing to process the conditional PSCell addition command which is not larger than currently defined TRRC_processing in TS 36.133 and TS 38.133 and begins when UE receives the RRC command for conditional PSCell addition.
Tmeasure : is the from the end of RRC processing time to when until UE realizes the condition(s) for at least one of the PSCell candidates is/are met. When PCell is E-UTRA, the measurement period is bounded by Tidentify_NR_with_index as defined in clause 8.17.4 of TS 36.133. When PCell lis NR, the measurement period is bounded by Tidentify_inter_with_index as defined in clause 9.3.4 of TS 38.133.
TUE_preparation : is the UE preparation time for conditional PSCell addition and starts after UE realizes the condition is met and identity of PSCell is determined. Its value is FFS but not larger than currently defined TRRC_processing in TS 36.133 and TS 38.133.
T∆ : is the time for fine time tracking and acquiring full timing information of the target PSCell as in existing requirements. 
Tprocessing : is the SW processing time needed by UE as in existing requirements
TPSCell_ DU : is the delay uncertainty in acquiring first available PRACH occasion in the NR PSCell as in existing requirements. 
Conditional PSCell change requirements
The requirements for conditional PSCell change are quite similar to those of PSCell addition with some minor modifications:
· Conditional PSCell change RRC processing: This corresponds to first part of RRC processing time in which UE does message validation, configuring and queuing of measurements and other tasks which are not dependent on the identity of target PSCell. The value of this part is FFS but is not larger than TRRC_processing time in PSCell addition requirements in TS 36.133 and TS 38.133. This stage begins when UE receives RRC command for conditional PSCell change.
· Measurement: This corresponds to intra-frequency or inter-frequency measurements for both EN-DC and NR-DC. Given RAN2 agreements for events like A3/A5 to trigger conditional PSCell change, the candidate PSCells are already detected and identified. Hence, Tsearch = 0. This stage begins when UE finishes the RRC processing time. Similar to conditional HO agreements, the measurement period can be based on event-triggered measurement requirements. For intra-frequency PSCell change, the measurement period is bounded by Tidentify_intra_with_index as defined in clause 9.2.4 of TS 38.133. For inter-frequency PSCell change, the measurement period is bounded by Tidentify_inter_with_index as defined in clause 9.3.4 of TS 38.133.
· UE preparation time: This corresponds to the time period when UE realizes the identity of the PSCell to be changed to and begins preparation for PSCell change procedure. Its value is FFS and may include some RRC processing time related to release of the existing PSCell.
· Interruption time: This corresponds to the phase in which UE begins the execution of PSCell change. The procedure in this phase is identical to the interruption time of existing known PSCell addition in TS 36.133 or TS 38.133.

More precisely, the conditional PSCell change delay requirements can be formulated as below:
Tconfig_PSCell_Conditional = TRRC_processing + Tmeasure  + TUE_preparation + Tprocessing  + T∆ + TPSCell_ DU + 2 ms
Where 
Tmeasure : is the from the end of RRC processing time to when until UE realizes the condition(s) for at least one of the PSCell candidates is/are met. For intra-frequency PSCell change, the measurement period is bounded by Tidentify_intra_with_index as defined in clause 9.2.4 of TS 38.133. For inter-frequency PSCell change, the measurement period is bounded by Tidentify_inter_with_index as defined in clause 9.3.4 of TS 38.133.
TUE_preparation : is the UE preparation time for conditional PSCell change and starts after UE realizes the condition is met and identity of new PSCell is determined. Its value is FFS and it may include some RRC processing related to release of the existing PSCell. 
All the other terms in the above formula are similar to those in Proposal 2. 
Proposal 3. The conditional PSCell change delay requirements can be formulated as below:
Tconfig_PSCell_Conditional = TRRC_processing + Tmeasure  + TUE_preparation + Tprocessing  + T∆ + TPSCell_ DU + 2 ms
Where 
Tmeasure : is the from the end of RRC processing time to when until UE realizes the condition(s) for at least one of the PSCell candidates is/are met. For intra-frequency PSCell change, the measurement period is bounded by Tidentify_intra_with_index as defined in clause 9.2.4 of TS 38.133. For inter-frequency PSCell change, the measurement period is bounded by Tidentify_inter_with_index as defined in clause 9.3.4 of TS 38.133.
TUE_preparation : is the UE preparation time for conditional PSCell change and starts after UE realizes the condition is met and identity of new PSCell is determined. Its value is FFS and it may include some RRC processing related to release of the existing PSCell. 
All the other terms in the above formula are similar to those in Proposal 2. 
Conclusions
Proposal 1. RAN4 to capture NR PSCell addition/change requirements within EN-DC in TS 36.133 and NR PSCell addition/change requirements within NR-DC in TS 38.133. 
Proposal 2. Conditional PSCell addition delay is formulated as:
Tconfig_PSCell_Conditional = TRRC_processing + Tmeasure  + TUE_preparation + Tprocessing  + T∆ + TPSCell_ DU + 2 ms
Where 
TRRC_processing : is the RRC processing to process the conditional PSCell addition command which is not larger than currently defined TRRC_processing in TS 36.133 and TS 38.133 and begins when UE receives the RRC command for conditional PSCell addition.
Tmeasure : is the from the end of RRC processing time to when until UE realizes the condition(s) for at least one of the PSCell candidates is/are met. When PCell is E-UTRA, the measurement period is bounded by Tidentify_NR_with_index as defined in clause 8.17.4 of TS 36.133. When PCell lis NR, the measurement period is bounded by Tidentify_inter_with_index as defined in clause 9.3.4 of TS 38.133.
TUE_preparation : is the UE preparation time for conditional PSCell addition and starts after UE realizes the condition is met and identity of PSCell is determined. Its value is FFS but not larger than currently defined TRRC_processing in TS 36.133 and TS 38.133.
T∆ : is the time for fine time tracking and acquiring full timing information of the target PSCell as in existing requirements. 
Tprocessing : is the SW processing time needed by UE as in existing requirements
TPSCell_ DU : is the delay uncertainty in acquiring first available PRACH occasion in the NR PSCell as in existing requirements. 
Proposal 3. The conditional PSCell change delay requirements can be formulated as below:
Tconfig_PSCell_Conditional = TRRC_processing + Tmeasure  + TUE_preparation + Tprocessing  + T∆ + TPSCell_ DU + 2 ms
Where 
Tmeasure : is the from the end of RRC processing time to when until UE realizes the condition(s) for at least one of the PSCell candidates is/are met. For intra-frequency PSCell change, the measurement period is bounded by Tidentify_intra_with_index as defined in clause 9.2.4 of TS 38.133. For inter-frequency PSCell change, the measurement period is bounded by Tidentify_inter_with_index as defined in clause 9.3.4 of TS 38.133.
TUE_preparation : is the UE preparation time for conditional PSCell change and starts after UE realizes the condition is met and identity of new PSCell is determined. Its value is FFS and it may include some RRC processing related to release of the existing PSCell. 
All the other terms in the above formula are similar to those in Proposal 2. 
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